OH3C\ OH OH:,C\ /OH

-0-C CHC CHc“zo“ . atp ADP "0-C cnc CHCHzO ®-® co, prp ADP ® cr-é, ) ﬁCHzO-®~®
2 ; CH; 2
AA, AA) A A A
Mevalonic acid S-Pyrophosphomevalonlc acid  Decarboxylase Isopentenyl

[1 1 [2] pyrophosphate (IPP)
6C

The phosphorylation of mevalonate and presence of pyrophosphate in
subsequent structures help keep these water-insoluble compounds in solution.

[31] | 1somerase

CHs CH0-B®-®
CH, /C{-lz/C=C\H CH; CH,0-®~®

CH, GCH,C=C_ CH, CH, CH, C=C_
e a4 ®-~® pp ‘c=c” “ch, ®-~® pp ‘c=c

IC=C\ CH2 H ’, N, H s, N,
G A/ o oH Ak H

Tanskrass Transferase

Farnesyl pyrophosphate (FPP) [5] Geranyl pyrophosphate (GPP) [4] 3,3-Dimethylallyl
(15C) (10C) pyrophosphate (DPP)
FPP (5€)
\
() Pyrophosphate is released in each of these four
®"® 6] condensation steps, making the reactions irreversible.
NADER | Squalene Beginning with squalene, the intermediates in
synthase cholesterol biosynthesis are nonphosphorylated
NADP* (J and are so hydrophobic that they require an
intracellular sterol carrier protein to keep them
® ® () soluble.
Y

(L
- 02 Hzo m
—> > —>
NADPH NADP* . [8]

Squalene [71 Lanosterol Cholesterol
(30C) (30C; first sterol) (27C)
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Regulation of HMG CoA reductase
1. regulation of gene expression by SREBP
2. phosphorylation state
3. regulation by hormones (insulin, glucagon)

4. inhibition by statin drugs



Portions of the statins (shown in
blue) clearly resemble HMG-CoA.
However, the bulky hydrophobic
groups of the inhibitors differ from
the CoA moiety of the substrate.

CHy 1

Hye~ O~ G- O
CHj

H,yC

Simvastatin
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Regulation of HMG CoA reductase
1. regulation of gene expression by SREBP
2. phosphorylation state
3. regulation by hormones (insulin, glucagon)

4. inhibition by statin drugs



Degradation of Cholesterol

HO'

® The ring structure of cholesterol cannot be
metabolized to CO2 and H20 in humans.

® The sterol ring nucleus is eliminated from the
body by conversion to bile acids and bile salts.



Degradation of Cholesterol

HO™"

HO™"

H

" OH

Cholic acid

“OH

Chenodeoxycholic acid

COO™

COO™
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HO

Cholesterol

\

Cholesterol | @) Cholic acid
7-0-hydroxylase 0 elteirel

COO™

Cholic acid

Cholic acid Glycine
a bile acid,

(a bile

Glycocholic acid
(a bile sal

Chenodeoxycholic acid  Taurine
(a bile acid)
—
9 H
_C-N-CH,CH,S0;
CH.

CHy

HO™ “OH
H
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Taurochenodeoxycholic acid
(a bile salt)
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The theme is for cholesterol to be converted to a
relatively soluble amphipathic molecule.

As a bonus, these molecules are used as
emulsifying agents during digestion.



Lipoproteins
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functibns to funcn!ons to functibns to funcfibns to
Deliver cholesterol Deliver cholesterol Deliver de novo Deliver dietary
to the liver for to the peripheral TAG to peripheral TAG to peripheral
elimination tissues and to liver tissues tissues

Delivery of fatty acids and
cholesterol via plasma lipoproteins



A:o C-ll
po E
(from HDL)

SMALL

Apo C-ll and apo E are

TISSUES,

transferred from HDL to S~ | for example, ADIPOSE
the nascent chylomicron. Chylomicron (CM) CAPILLARIES
‘) Extracellular
Nascent lipoprotein
chylomicron lipase, activated
by apo C-ll,
Intestinal mucosal cells secrete nascent degrades
TAG-rich chylomicrons produced TAG in CM.
primarily from dietary lipids.
—————— -
\
‘. Lipoprotein
| lipase
y Free fatty
r 4 acids
.-/-
—’__/
Apo C-ll
(to HDL)

CE-rich CM remnants
bind through apo E to
specific receptors on the
liver where they are
endocytosed.

Apo C-ll is returned
to HDL.

[2

Chylomicron
remnant

Glycerol

v

To LIVER

Chylomicrons deliver TAG’s and

return to the liver




Apo C-ll
po E
(from HDL)

TISSUES,

Apo C-ll and apo E for example, ADIPOSE
are transferred
from HDL to CAPILLARIES
nascent VLDL. VLDL
3 Extracellular
lipoprotein
lipase, activated
by apo C-ll,
degrades
TAG in VLDL.
LDL binds to specific
receptors on extrahepatic
tissues and on the liver,
where they are endocytosed.
Free fa
Apo C-ll acldstty
and apo E
(to HDL)

Glycerol

<,‘_&_\ (1DL)

Apo C-ll and apo E
are returned to HDL. To LIVER

VLDL (pre-LDL) deliver some TAG’s
and bulk cholesterol



LDL Cholesteryl ester
Apolipoprotein B-100

LDL receptor

PLASMA MEMBRANE COATED PIT S

b 1

T [ZV N Clathrin \
Q Coated vesicle

| Endosome
3 (5]

m GOLGI APPARATUS

SYNTHESIS OF SYNTHESIS OF Lysosome
LDL RECEPTORS CHOLESTEROL

)OOOOOOO(
DNA HMG CDA reductase Amino acids
N “, \\\‘ Fatty acids
“, &
@, SO
mRNA G
OVERSUPPLY CELL MEMBRANE,
OF CHOLESTEROL STEROID HORMONES,
BILE ACIDS
Receptor
T ACAT Cholesterol

ENDOPLASMIC RETICULUM STORAGE OF

Receptor protein CHOLESTERYL

ESTERS

LDL delivers cholesterol directly to
the interior of cells
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scavenge cholesterol



In cells, cholesterol
distributes into
membranes

e cholesterol has limited
flexibility and is a fairly rigid
structure.

¢ stiffens the membrane and
makes it less permeable

e it can interact with and affect
the structure of integral
membrane proteins




docosahexaenoate (DHA)
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1-palmitoyl-2-docosahexaenoylphosphatidyethanolamine

O

palmitate

lipid rafts form due to spontaneous
segregation between DHA and SL
containing membrane lipids
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Cholesterol Solubility
(mol%)
3

10 4 -
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16.0- 18.0- 18.0- 22:6- 18.0- 18:0- 16:0- 226-
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Acyl Chain Composition

Fig. 2. Solubility of cholesterol in phospholipid membranes. All samples were in
the lamellar liquid crystalline state except 22:6-22:6PE that was in the inverted
hexagonal Hy; phase. Values were taken for 16:0-18:1PC from Huang et al. (1999),
for 18:0-20:4PC from Brzustowicz et al. (2002a), for 18:0-22:6PC and 22:6-22:6PC
from Brzustowicz et al. (2002b), and for 16:0-18:1PE, 16:0-20:4PE, 16:0-22:6PE and
22:6-22:6PE from Shaikh et al. (2006).

S.R. Wassall, W. Stillwell / Chemistry and Physics of Lipids 153 (2008) 57-63

Cholesterol is less soluble in
(artificial) membranes high in
unsaturated acyl chains
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Fig 2 | Formation of specific molecular assemblies promoted by dynamic nanodomain partitioning for efficient receptor signalling. By promoting temporary lateral
confinement, raft nanodomains might contribute to the formation of molecular assemblies, especially those based on weak protein—protein or protein—lipid interactions
that might otherwise be insufficient for such a formation in a disordered membrane environment. In this way, nanodomains could have an important role in organizing

specific components of the receptor signal machinery for speedy and efficient triggering on ligand engagement. The thickness of the vertical arrows indicates the efficiency

He and Marguet, EMBO reports VOL 9 | NO 6 | 2008

of signal triggering.

Lipid rafts are thought to promote
molecular assemblies and to drive
conformational changes in
membrane proteins



